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VETTER/SONY slide switch on PLEASE: Read Vetter manual prior to 
bottom of unit. Place in the Vetter operating system, specifically the pages 


position for use with a Vetter Model titled SECTION 1 OPERATING 
3000A/4000A tape, or in the SONY INSTRUTIONS and INSTRUCTIONS 
position for use with a Model 3000/4000 FOR VETTER 500H VCR. Proper VCR 
tape. Do not confuse this switch with the setup is essential for system operation. 
13/14 bit toggle switch. : 





PLEASE NOTE: 

Any labels, stickers, markings, etc. attached A.R. VETTER CO. INC. ' 
to this recorder will void the replacement . ae pene jac 
warranty. Please refer to the enclosed 


: GLENN I. RIPKA 
warranty for details. Expediting - Sheet Metal Fabrication 


CONNIE J. RIPKA 
Purchaser - Production Supervisor 


SALES - (814) 349-5461 FAX - (814) 349-5933 
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Le _ WARRANTY 


Warranty Repairs: 


All Vetter instruments are warranted to be free from defects in materials and 
maintenance costs for a period of one year after the date of original shipment. Under 
this warranty, we agree to repair any unit shipped prepaid to us which our examination 
discloses to be defective. The unit will be returned prepaid (ground UPS). This warranty 
does not extend to instruments that have been misused, modified, subject to accidental 
damage or otherwise damaged beyond our control. This warranty includes transport 
mechanisms made by others and incorporated into Vetter instruments, but does not 
include belt and fuse replacement and cleaning which are normal field operations. 
Return permission is required. 


Replacement: 


Under certain conditions, any unit that fails within a month of being received can 
be replaced with a new unit of the same model. To qualify for replacement, the unit 
must have no labels, stickers, markings, etc. attached to or defacing the exterior. In 
addition, any unit misused, modified, subject to accidental damage or otherwise 
damaged beyond our control will not be covered. Return permission and prepaid 
shipment are required. The unit will be returned prepaid (ground UPS). 


Out _of Warranty Repairs: 


Units repaired after the new warranty-expiration (at the expense of the owner) will 
be warranted to be free from defects in materials and maintenance costs for thirty days. 
Between thirty one and ninety days the unit will be warranted for parts only. This 
coverage pertains to the original problem only, i.e., if a different problem occurs within 
the ninety day period, it will not be covered under the repair warranty. Return 
permission and prepaid shipment are required. The unit will be returned at the 
owner's expense. 


Cancellation and_ Refund: 


Under certain conditions a unit may be returned to the Vetter Company for a 
refund. We must be informed of the return within thirty days after customer receipt of 


-the shipment. Only units in working order and in perfect condition will be accepted, i.e., 


no marks, scratches, labels etc. Return permission and prepaid shipment are required. 
Any new unit returned for refund will require a ten percent restock charge. 


_ SPECIFICATIONS 


MODEL 4000A PCM 
RECORDING ADAPTOR 





The Model 4000A is an enhancement of the earlier Model 4000. The 
Sony Digital Processor in the earlier unit has been replaced with our 
own processor, which gives the following characteristics: 


@ 2-15 Data Channels @ 16-channel bargraph display 
@ Concurrently 2-16 fast trigger @ Parallel computer output 
channels (TTL) 


@ One of the above trigger channels is configured as a RS-232/channel 
to record text, etc. 


Basic sampling rate of one channel: 88. 2KHz 
AD/DA resolution 14 bit 
Input required for full modulation - +0.5 V; up to +5V ac- 
ceptable by front panel 
pot. 
Input Impedance: 22K (min) 
rN Output resulting from full modulation (max): +5V (may be reduced to 
: OQ by rear panel pots. 
Output Impedance (pot fully CW): 1.3K 
Output to SCOPE jacks: +5V (fixed) 


Risetime and Noise Performance: 





Typical Risetime at Total Noise Trigger 
half amplitude or be- at VHS, SP Channels 
low, microseconds millivolts RMS 
2 CHAN 
3 CHAN 
4 CHAN 
(CH 9=25uS/.2mV) 1.4 
8 CHAN (2-8) (CHAN 9=25 uS) 1.4 
15 CHAN 1.4 
Noise is relative 
to 10V p-p signal 
Time jitter* Two channel mode: +11 uS 
50 uS mode +22 uS 
100 uS mode +45 uS 
o~ 200 uS mode £90 uS 


Box 143 Rebersburg, Pa. 16872 
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Non-simultaneity of out- 
puts with simultaneous inputs: As above (worst Gase)* 


Crosstalk: At or below noise level ; 
. . . . VY 
Drift: (in two hours, after 5-minute warmup) .02% 
Trigger Channels: Sampled at identical rate as data channels. 
Standard TTL IN/OUT. Molex 0.1" KK connec-~ 
tors. A-D resolution reduces to 13 bits 
(.012% steps) when trigger channels are used. 


Computer Output: 37 pin "D" female connector. 14 data lines 
plus one strobe. Positive edge on strobe equals 
data ready. Pinout matches PDMA-16 card for 
downloading to IBM PC*. Streamer software 
allows streaming to hard disk and generation 
of ASCII files for analysis by other software 
packages. Full speed streaming = 177K bytes/sec. 
Rear panel switch allows skipping every 2nd,4th, 
8th...128th frame to prevent wasting memory when 
the data rate is slow. The strobe pulse is disabled 
until enabled by front panel switch or external 
+TTL input. After being enabled, the first strobe 
is for channel one so data are loaded in memory 
in a known order. 


VCR required: Any NTSC VCR. Guaranteed to run at 6/8 hr speed 
on VCRs supplied by Vetter. These VCRs have the 
Record/Play switching brought out to a connector 
so it is not necessary to switch both the VCR and 
Vetter between Record and Play. 4 


Size: 19" wide (standard rack mount) x 5¢"H by 15" deep. 
Net weight: 20 lbs net 

Power required: 117 VAC, 45 watts 

Error correction: Powerful CRCC double correction (STC 007.008 spec). 


lthis is a digital device with each channel being sampled at 44.1 KHz (2~channel configuration). A sample 
may thus occur #1/2 x 44.1 = +11uS relative to a recorded pulse. Close scrutiny of a 500 Hz square wave 
or 1 mS pulse (2~channel mode) will show this +11 uS uncertainty. This uncertainty is invisible in a 
typical recording of aperiodic pulses and is common to all PCM devices. 


2 this measurement is made by synchronizing a pulse generator to the frame clock and applying the same pulse 
to all channels. The channels are multiplexed in 1,9,2,10,3,11... sequence so the worst case is the dif- 
ference between 12 and 9 or 12 and 16. Theerror ismuch less between adjacent channels (15,16) and between 
adjacent channels in the two banks (8,16; 7,15, etc.) Between non-adjacent channels the error increases 
proportionately. In the above measurement, the reference is the "mean" channel 12 (ideally 12.5) so chan- 
nel 9 output is 68 uS early and channel 16 is 90 uS late. 


* IBM and IBM PC are registered trademarks of IBM Corp. 


NOTICE —————————— ss eefefefefsi 


The Model 3000 is slanted toward research including pre- 
dominantly fast signals (100 uS risetime in the 7-channel mode) 
whereas the Model 4000 is slanted toward research requiring only Lo 
a few fast channels or many slower channels (200 uS risetime in 
the 8-channel mode). Please note this difference in the 7/8 
channel modes when choosing. between the 3000 and 4000. 













SPECIFICATIONS 


MODEL 3000A PCM 
RECORDING ADAPTOR 





The Model 3000A is an enhancement of the earlier Model 3000. The 
Sony Digital Processor in the earlier unit has been replaced with our 
own processor, which gives the following characteristics: 


@ 2-7 Data Channels @ 8-channel bargraph display 

@ Concurrently 2-8 fast trigger @ Parallel computer output 
channels (TTL) 

@ One of the above trigger channels is configured as a RS- 232/channel 
to record text, etc. 


Basic sampling rate of one channel: . 88.2KHz 
AD/DA resolution 14 bit 
Input required for full modulation +0.5 V3; up to #+5V ac- 
ceptable by front panel 
pot. 
Input Impedance: 22K (min) 
Output resulting from full modulation (max): +5V (may be reduced to 
an OQ by rear panel pots. 
Output Impedance (pot fully CW): 1.3K 
Yutput to SCOPE jacks: +5V (fixed) 


Risetime and Noise Performance: 


Typical Risetime at Total Noise Trigger 
half amplitude or be- at VHS, SP Channels 
low, microseconds millivolts RMS 





2 CHAN 
3 CHAN 
4 CHAN 
(CH 9=25uS/.2mV) 1.4 
7 CHAN (2-8) 1.4 noise 
rel. to 10V p-p signal 
Time jitter! Two channel mode: +11 uS 
50 uS mode +22 uS 
100 uS mode +45 uS 


Box 143 Rebersburg, Pa. 16872 
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Non-simultaneity of out- 


puts with simultaneous inputs: As above (worst case) 
Crosstalk: At or below noise level a 
Drift: . (in two hours after 5-minute warmup) .02% 
Trigger Channels: .Sampled at identical rate as data channels. 
Standard TTL IN/OUT. Molex 0.1" KK connec- 
tors. A-D resolution reduces to 13 bits 
(.012% steps) when trigger channels are used. 
Computer Output: 37 pin "D" female connector. 14 data lines 
plus one strobe. Positive edge on strobe equals 
data ready. Pinout matches PDMA-16 card for 
downloading to IBM PC*. Streamer software 


allows streaming to hard disk and generation 

of ASCII files for analysis by other software 
packages. Full speed streaming = 177K bytes/sec. 
Rear panel switch allows skipping every 2nd,4th, 
8th...128th frame to prevent wasting memory when 

the data rate is slow. The strobe pulse is disabled 
until enabled by front panel switch or external 

+TTL input. After being enabled, the first strobe 
is for channel one so data are loaded in memory 

in a known order. 


VCR required: Any NTSC VCR. Guaranteed to run at 6/8 hr speed 
on VCRs supplied by Vetter. These VCRs have the 
Record/Play switching brought out to a connector 
so it is not necessary to switch both the VCR and 


Vetter between Record and Play. a 
Size: 19" wide (standard rack mount) x 54"H by 15" deep. 
Net weight: 20 lbs net 
Power required: 117 VAC, 45 watts 


Error correction: Powerful CRCC double correction (STC 007.008 spec). 


Ithis is a digital device with each channel being sampled at 44.1 KHz (2-channel configuration). A sample 
may thus occur +1/2 x 44.1 = +11uS relative to a recorded pulse. Close scrutiny of a 500 Hz square wave 
or 1 mS pulse (2-channel mode) will show this +11 uS uncertainty. This uncertainty is invisible in a 
typical recording of aperiodic pulses and is common to all PCM devices. 


This measurement is made by synchronizing a pulse generator to the frame clock and applying the same pulse 
to all channels. The channels are multiplexed in 1,5,2,6,3,7,.. sequence so the worst case is the dif- 
ference between 6 and 5 or 6 and 8. The error is much less between adjacent channels(7,8) and between 
adjacent channels in the two banks (4,8,3,7,etc.) Between non-adjacent channels the error increases pro- 
portionately. In the above measurement, the reference is the “mean” channel 6 (ideally 6.5), so channel 5 
output is 22 uS early and channel 8 is 45 uS late. 


*IBM and IBN PC are registered trademarks of IBM Corp. 


NOTICE TTT 


The Model 3000 is slanted toward research including pre- 
dominantly fast signals (100 uS risetime in the 7-channel mode) 
whereas the Model 4000 is slanted toward research requiring only 
a few fast channels. or many slower channels (200 uS risetime in NA 
the 8-channel mode). Please note this difference in the 7/8 
channel modes when choosing between the 3000 and 4000. 








1) 
2) 
3) 
4) 


5) 


6) 


INSTRUCTIONS FOR VETTER 500H VCR 
SONY SLV 770HF modified. 


Apply power to the VCR. Press POWER button. 
Open door on VCR. 
Press INPUT SELECT (on door) so that L-1 appears in the 
VCR display. 
Press SP/EP for speed selection (on remote). SP is 
preferred. 
To control the VCR proceed as follows: 

a) Press REC (on door) to start the recording. 

b) Press PLAY (in shuttle ring) to play and press STOP | 

(in shuttle ring) to stop. 

c) Roate shuttle ring for fast forward or rewind. 
For details on the indexing feature, see page 50 of the 
SONY manual. ; 
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{1 ‘WARNING -! 1° 









7 Vetter products are not designed for use in life 
support systems or in systems where a malfunction of 
‘a Vetter product can be reasonably expected to result 
-in personal injury... we aoe . Le 
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SECTION | 
OPERATING INSTRUCTIONS 


A. VCR Selection 


The Model 3000 will work with any VCR capable 
of recording and playing a standard NTSC color signal. 
It may be used with either VHS or Beta formats. Sony 
machines with a PCM switch theoretically offer im- 
proved correction capability in the event of a drop- 
out, however, our experience is that recorders without 
this switch present no problem whatever. With some 
decks/tapes the lower speed cannot be used (Beta 3 or 
SLP). We have tried a variety of quality VHS machines 
(Panasonic, Magnavox, Quasar, Toshiba, Jvc) at the 
lowest speed; all worked. 
B. VCR SETTINGS 


.— 5 2 Sa 


When recording PCM, the VCR thinks it is recording 


an ordinary video picture. However, it thinks this 
picture is coming from a camera, not the built-in 
tuner. Therefore, follow those VCR instructions which 
apply to recording from a camera. In particular, the 
INPUT selector switch on the VCR must be set to LINE 
or AUX. 
VCR CONNECTIONS 

Video cables are provided with the Model 3000 for 
connection to the VCR. The VIDEO OUT of the Model 
3000 connects to the VIDEO IN jack on the VCR and 
vice versa. Similarly, the audio channel of the Model 


3000 and VCR are connected with the red cables provided. 
‘Connect the LINE OUT connector on the Model 3000 to the 


AUDIO IN jack on the VCR and vice versa. The audio 


conneetion on the 3000 are the upper two jacks. 


~) 


Monitoring 


If a Vetter VCR is used, it is connected as 
in "C" above. Also, the DIN connector on the VCR 
is plugged into the VCR socket on the rear of. the 
3000/4000. This will cause the PCM to be switched 
between Record and Play when the VCR is so switched. 
The PCM will monitor inputs (E-E, electronics-to- 
electronics) in the Stop and Record modes. When 
using a Vetter VCR, the switch at the left of the dis- 
play on the PCM is set to AUTO. 

If a non-Vetter VCR is used, it is necessary 
to switch the. PCM between Record and Play by hand. 
In general, the switch (left of display) should be 
set to REC./STOP. In this position the PCM will moni- 
tor the inputs (E-E) in the STOP mode.of the VCR. If 
the VCR is switched to Record, actual recording will 
commence and E-E monitoring will continue. 

Tf an attempt is made to playback the tape now 
(without switching to AUTO) there will be 
no playback. To playback, it is necessary to manu- 
ally switch to AUTO (=PLAY). 

For the instructions following set the switch 
to REC/STOP with a non-Vetter VCR and AUTO with a 
vetter VCR. | | 


NOTICE 





IN ORDER TO HAVE A SIGNAL PASS THROUGH THE MODEL . 
3000, IT IS NECESSARY THAT THE LOWER LEFT SWITCH 
BE SET TO REC/STOP WHEN USING NON - VETTER VCRS, OR 
THE LOWER LEFT SWITCH BE SET TO AUTO WHEN USING A 


VETTER VCR. IN THIS CASE, THE VCR MUST BE ON AND 
IT MUST BE PLUGGED INTO THE DIN CONNECTOR (LABELED 
VCR) AT THE REAR OF THE MODEL 3000. 








E. SIGNAL CONNECTIONS 


Analog inputs ‘are connected to the lower row 


of BNC jacks on the rear panel of the 3000. Outputs 


are taken from the upper row of BNC's. All the jacks 


reference to chassis ground at the rear panel of the 


Model 3000. Avoid long cables and disparate 110V 


line outlets. Accidentally introduced ground- -loops 

can easily overwhelm the high resolution of the Model 

3000. | | 
Note that connections are to be made only to the 


channels selected as "live" by the rear panel config- 


uration switch. The "live" channels are also indi- 
cated by the bargraphs on the front panel. 

Note also that two channel 5 (9) outputs are 
provided. When channel 5 (9) is configured as a 25uS 
channel, the right hand (5F) jack must be used. This 
is true when the 3000 is configured in the 2 or 4 
channel configuration. 5F stands for 5 Fast. When the 
rear panel configuration switch is set to the 3 or 7 
channel setting, the regular (left) channel 5 jacks 


are used. 


F. LEVEL SETTINGS 


Screwdriver adjusts are provided at the front 
panels for. setting the input Level of each channel. 
When these adjustments are fully clockwise (maximum 
sensitivity), full scale modulation will correspond 
to an input of approximately +0.5V. This level will 


drive the bargraph display to full scale. Greater 


input will cause clipping on the + and - peaks. The 
noise level (referred to the input) is approximately 
1.0 mVRMS so millivolt signals must be preamplified. 

To set the RECORD LEVEL pots it is only necessary 
that the setting be high enough to illuminate most ; 
of the bargraph display on the larger signals encountered 
without illuminating the extreme top segments. 


Zero offset pots are provided on the front panel 





for each input. These are the equivalent of the "pen 
-position"™ pots on a chart recorder. ‘They can be used 
to bring an offset or unipolar signal to the center 
of the dynamic range of the Model 3000.° At this set- 
ting, the. bargraph on the 3000 will show a minimum 
reading. If no input is present, then minimum on the 
bargraph will correspond to 0 VDC output. For most 
applications the zero offset pot may be left in the 
center-zero position. 

Full scale input will produce a Model 3000 
output of 10 V p-p (+5V). This level may be reduced 
by turning down the rear panel OUTPUT LEVEL screw- 
driver adjusts. The OUTPUT LEVEL settings have no 
effect on over-all S/N ratio. If the input level 
(INPUT LEVEL setting) is too low, over-all S/N will 
be degraded. Use sufficient signal to illuminate most 
of the bargraph on the largest signal excursions. 

G. WHICH CHANNELS? _ | 


rT 


The rear-panel configuration switch allows the 


Model 3000 to be used in a 2,3,4 or 7 channel configu- 
ration. In some cases one channel is fast (25 uS) 
and the remaining channels slower. 

Suppose, for example, that you have three channels 
of data, one fast and two slow. In such a case, it may 
be better to select the 4-channel configuation over 
the. 3-channel configuration since the former has one 


fast channel as shown in the following chart. 


Number of Data ‘Active Channel Channel 
Channels Selected. Risetime | 





sea 














On the other hand, if you have three channels 


‘of data, all requiring the same bandwidth, then the 


three data channel configuration is better since each — 


channel will be equally fast. 


Note again that the rear-panel connectors must 
match the illuminated bargraphs on the front panel. 
Outputs taken from channels not selected will be... 
meaningless. . 

The channel configuration available on the - 
Model 4000 are summarized on the following chart. 


Channel . 
Risetime 


Number of Data Active Channels 


Channels Selected 








H. TRIAL RECORDING | 
With the VCR and Model 3000 set up as shown in 
Fig. 1, a recording can be made. Turn both instruments 


ON. Insert a cassette. Connect an oscilloscope to a 

selected Model 3000 OUT jack. Connect a signal to the 
same Channel INPUT jack. You should now see the input 
signal on the scope. (The monitor signal goes through 
the Model 3000 in the STOP mode.) It should be possible 
to see the clipping by increasing the input signal to 
illuminate all the segments of the bargraph display. 

(Use a sinewave of approximately 100 Hz.) 





Assuming that all is well, put the VCR in the 
RECORD mode. Again, it will monitor itself during 
the recording . After recording a segment of tape, 
wind and enter PLAY. After several seconds the moni- 
tor signal will disappear and normal playback from 


the tape. will commence. 


I. VCR AND PCM BEHAVIOR 


It will be observed that there are delays between 
the command to PLAY and the actual playback. This is 
due to the fact that all vcr's unwrap the tape from the 
heads in the STOP mode. The wrap-unwrap cycle is time- 
consuming. Also, it takes several seconds for the 
servos to stabilize on playback. 

Brief stops will be less frustrating if the PAUSE 
mode is used. Here there is no unwrap. Also, if it is 
desired to FORWARD or REWIND a short distance, the 
machine may be left in PLAY. Pressing FF or REW will 
put the VCR in the search mode (approximately 7 times 
speed), again obviating the unwrap-wrap delay. Do not 
Leave the machine in PAUSE for extended periods of time 
as the rotating head constantly rubbing against. the same 
section of tape will wear out that section of tape. 

A PCM system is a sample data system. It operates 


by recording a sample every 11 microseconds. The channels 


are recorded L,R,L,R,... so that the left and right 


channels are each sampled every 22 uS. This corresponds 
to a sample rate of 44 Hz. If a 2 mS pulse (or 250 Hz 
square wave) is applied to channel 1 in the two-channel 
configuration, a pleasing output will be observed. Closer 
scrutiny will reveal a jitter in the rise and fall times 
of +11 uS. This is the sampling rate (and is invisible 


in aperiodic signals). 





If the frequency of the 250 KHz square wave. 
above is increased to 14.7 KHz, the Model 3000 


output will take on the appearance of an ampli- 
tude modulated 14.7 KHz carrier. This also has to 


do with sample-data nature of PCM. . Three times 

14.7 = 44.1 Ke, which is the sample rate. Thus, some 
portions of the 14.7 KHz wave will be sampled twice 

on the positive half cycle and only once on the 
negative half cycle, while the reverse situation. 

will occur at other times. This will always be visible 


in the output unless filtering is used having no 


‘response above 44.1/2 KHz. Such a filter (passing 


20 KHz but stopping at 22 KHz) would ring badly and 
give a very poor 2-mS pulse. Since the Model 3000 
is intended for the real world of impulses, shocks, | 
and vibrations, the non-ringing filter is used. 
If the square wave above is returned to 250 Hz, 
the effect of adding more channels can be seen. Con- 
nect to the channel 2 IN/OUT jacks and switch success- 
ively to the 3.4 and 7 channel configuration. As the 
number of channels is increased, the rise and fall 
times will lengthen. and the +11 uS jitter above wiil in- 
crease to 22 and 45 microseconds. Note that this un- 
certainty is visible only because a repetitive signal 
from a signal generator is used. With aperiodic 
signals, the sampling is not visible. 
J. TRACKING CONTROL 


The tracking control on the Model 3000 is pro- 
vided to optimize the separation of the digital inform- 
ation. from the playback video. Normally it can be set 
to mid-scale and forgotten. If the Error light comes 
on frequently it may be necessary to set the tracking 


control. Proceed as follows; 


1) 


9) 
3) 


Record a length of tape (base line with no inputs 
is acceptable). ; 

Rewind the tape; enter Playback mode. 

Slowly rotate the TRACKING control on the PCM. A 
region should be found that extinguishes the Error 
light. Set the TRACKING control to the center of 
this region. | a 
TTL TRIGGER CHANNEL 


KK. TTL TRIGGER CHAN 


The Model 3000A/4000A contains provisions for 


separating out the least significant data bit and 
multiplexing that bit into 8 (16) ON/OFF TTL channels. 
These channels accept standard TTL levels (ON = 5V,. 


OFF 


= OV) at the rear of the Model 3000. The number 


of channels available depends on the number of data 





and 


channels selected (see first page of spec. sheet). 


These channels are also monitored (E-E) in the STOP 


RECORD modes. If no input is made to the trigger 


channel they will record high (+5V). The operation of 


these channels can easily be observed as follows: 


1) 


2) 


3) 


4) 


Set PCM to maximum number of channels. Set for 
monitoring in STOP mode. 

At rear of PCM find the TTL INPUTS and OUTPUTS. 

The toggle switch must be at > 2CH. 

‘Clip a scope or voltmeter to Channel 1 (TTL) OUTPUT 
and ground. It should read approximately 3.5 to 5V. 
Momentarily ground channel 1 (TTL) INPUT. The 
output will drop to 0 ( x .8V) because of the E-E 
monitoring. Each channel may be thus observed in - 


turn. 





Note that. the right- -most of each group of pins is 
ground. If the PCM is in the two channel mode, the 


‘toggle switch must be set to 2 CH. The connectors used 


are Molex 0.1" KK series. 
The 3000/4000 is delivered with the trigger 
channels activated. The analog resolution may be in- 
creased slightly by switching them OFF. This is done 
by switching the toggle- -switch on the bottom (access hole) 
of the 3000/4000 back to 14 bit. 
L. RECORDING RS-232 (TEXT 
Trigger channel 1 (see K above) has two INPUTS/OUTPUTS. 
The normal TTL input is grouped with all the other channels. 
Separately an RS-232 IN and OUT will be observed on the 
rear panel. These connections will accept standard RS-232C 
levels. To use them proceed as follows: 
1) Make no connection to the TTL channel 1 connections. 
2) We recommend using a 16 pin Molex socket on the 
OUTPUT. side and a 15 pin Molex on the INPUT side in- 
stead of a 2-pin connector for the RS-232 only. The 
15/16 pin connector is physically much stronger. 
3) RS-232 will EE monitor as does TTL. Recording will 
start as soon as the VCR enters the Record mode. 
M. COMPUTER OUTPUT 


The DIGITAL OUTPUT controls on the front panel of 
the 3000/4000 have no effect on analog/TTL recording or 
playback. 

The computer output terminates in a 37 pin "D"  con- 


nector. Fourteen data lines and one strobe line are 


active. A positive edge on the strobe line indicates 


a word is ready for transfer. The pinout is shown 


below. 


10 


DIGITAL GUTPUT AS VIEWED 
.FROM REAR GF INSTRUMENT. 
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TOGGLE SWITCH MUST GE DOQWN IF 

MORE THAN 2 CHANNELS ARE SELEC- 
TED AND MUST SE UP IN 2 CHANNEL 
MODE. OTHERWISE TTL ANO DIGITAL 
OUTPUTS WILL NOT WORK CORRECTLY. 
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The strobe pulse is disabled until enabled by 
front panel switch or external +TTL input. After being 
enabled, the first strobe is for channel 1 so data are 
loaded in memory in a known order. 

A dip switch on the 3000 rear allows every other 
(or every fourth, eighth---to 128th) frame to be 
strobed while skipping the in-between frames. This 
feature is useful when slow data are recorded (EEG, for 
example) as it avoids filling the computer memory. with 
redundant data. Also, the data rate at the output of 
the Model 3000 is Slowed by 2°. The ratio by which the 
data is slowed (skipped) is shown on the following chart: 


ae 


Divide Ratio DIP Switches ON 


1 
1,8 
1,8,7 
1,8,7,76 
1,8,7,645 













s 





1,8,776,57413+2 


Note that the rear panel toggle switch must be 
set to match the mode; i-e. two channel operation or 


more that two channels ( > 2 CH). 
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N. Using the Digital Output. 
ae 


“The Digital Output connector pinout is designed to 
match that of a Metrabyte Very High Speed Interface board. 
This board allows direct digital transfer to an IBM PC. 

The following instructions assume the use of this board. 


1. Digital Output Timing. 


Unless the rear-panel Dip Switch is set to skip 
frames, the Model 3000A always outputs one word every. 
11.338 microseconds. Thus each channel is sampled every 
22.6 uS in the two channel mode, every 45. 2uS in the 4 
channel mode and so on. The channels are in left and 
right banks as seen on the front panel and are sampled 
alternately (L,R,L,R,---)-« In the 7 channel mode the 
channels are sampled: 


1,5, 25653575458, Ty oee 


Channel 1 is offset negative for synchronization leaving 
seven active channels. The sample order on the 4000A is 
similar: | 


1,9, 2, 10,3, 11,4, 12,5, 13,6, 14,7, 15,8, 16, 1,-.. 


In modes where one channel is fast, i.e., the 4 
channel mode, the fast channel is returned to every other 


" sample: 


1,5, 255533554555 Ip vee 


Again channel 1 is used for synch leaving 4 active 
channels. 


The parallel digital output is latched. The parallel 
output is latched by the strobe pin and remains stable 


-until the next strobe. 


2. Digital Output Transfer Function. 


The output code is two’s compliment so the transitions 
between 0000 and FFFF occurs at OV DC. The synch pulse 
(channel 1) produces a word of nearly full scale at 
approximately hex 7El or -2017 (12 bit). (Since one hex 
digit represents 4 bits, all of the following arithmetic 
will be in terms of 12 bits for simplicity. Bit 14 will 
be read as bit 12 and the bottom 2 bits will be dropped.) 
SEE ee : 

; METRABYTE is registered T™ of Metrabyte Corp., Taunton, Mass. 
IBM PC is registered T of International Business Machines Corp. 
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Full scale data inputs are somewhat less than this so 
the synch pulse is always higher than the data. The 
positive and negative inputs beyond which clipping occurs 


-are typically at +1500 decimal or +5DC Hex. When the 


Input Level pots are fully clockwise a DC input of +0.4V 


will produce a digital offset of +A5A Hex or +1445 


Decimal. This is the basic transfer function: 
+0.4V—— 5A Hex or +1445 Decimal(12 bit) 


This transfer function is subject to variations caused by 
2% resistors used in the input amplifiers. - 


3. How to calibrate the input attenuators for a given 
input level. 


The input attenuators are simple screwdriver-ad just 
pots. The most fool-proof way of achieving a desired 
transfer function is to look at the digital outputs 
directly. We give an example to show how this is done. 


If a scope is connected to pin 5 of the Digital Output 
connector (page 11) and set for a stable pattern, a series 
of 0 and 5V levels will be seen. These are the bit 11 
levels for the various channels (bit 13=bit 11] using 12 
bit arithmetic). Suppose we want to calibrate channel 2 
so a .5V input will produce a digital output.of 1024 
Decimal or 10000000000. To do this we accurately zero 
channel 2 (stay slightlu above zero as OLILIIIIII1I1II1I1I1 
happens at the zero transition), then apply a -0.5V DC 


. level to channel 2. A flashlight cell divided down with a 


100 ohm pot works well for this. Turn the Input Level pot 
for channel 2 fully CCW. Slowly advance this pot while 
watching the scope. A point will be reached where one 
segment of the scope pattern will switch from 0 to +5V. 
This is channel 2 bit 11 coming on (actually bit 13). The 
gain is now set so that an input of 0.5V produces a 
digital output of 10000000000. At this setting an input 
of .0.25V will produce an output of 01000000000 and so on. 


In this way any scale factor may be obtained provided 
the full scale levels (+5C4 Hex=10111001011) are not 
exceeded. 


4) How to Directly Transfer to Computer Memory. 
A ribbon cable is available to connect the 3000A to 
the PDMA-16. Turn all power off when installing the 


PDMA-16 board and connecting the ribbon cable. Turn on the 
computer first, then the 3000A. (They may also be powered 


-l]4- 





& 
NN we 


up simultaneously.) The software listing here assumes the 
factory address setting of Hex 300 is used. (See Section 


2 of the Metrabyte manual.) 


Two program listings on the following pages allow a 
block of data to be down-loaded. These are essentially 
identical, except that one is in BASIC and the other is 


ASSEMBLY. These were written following the sequence of 


paragraph 3.6 at the bottom of page 17 in the Metrabyte 
manual. These programs may be modified to load more or 
fewer bytes (up to 64K) anywhere that memory is available. 
In the following examples we use PDMASSY.COM since it 
can be run from DOS. 


In the following example a Model 3000A is switched to 
the three , 
channel mode. We apply a 1Ke sinewave to channels 2 and 
5. Channel 5 is at roughly, half amplitude. No input is 
applied to channel 6 (=0DC). The computer contains a 
system disk containing PDMASSY.COM and DEBUG. Data may 
be down loaded with the VCR in the STOP mode or when 
playing back a recorded tape. We proceed as follows: 

a) Start with DIGITAL OUTPUT switch on 3000A off (light 
out). The light may latch ON on power-up. Switch to 
LOCAL and OFF to extinguish it. . 

b) From the A> prompt type PDMASSY <ENTER>. The disc 
drive will run briefly and stop. The PDMA-16 card is now 
waiting for data. . 

ec) Switch the DIGITAL OUTPUT switch to LOCAL. The 
yellow light will illuminate and the block of data is 
transferred in a split 
second. 

d) Type DEBUG <ENTER>. Again the drive will run 
briefly, loading the. debug program. A3 - prompt will 
appear. 

e) Type d3000:0000 <ENTER>. This stands for dump 
memory listing 
starting at page 3. A hex dump similar to the following 
page will appear. 


The channels are sampled 1,5,2,6,.. so this is the 
order shown above the hex dump. Channel 1 is synch (ca 
7E) and 6 is just slightly offset from O at FF9. The 
channels are written to memory LSB first so the first 
sample is actually 7E9C hex. 

Now we can write down the value of channel 2. We get 
B3E (12 bit again), A116, A16, and so on. These are shown 
on Listing 3 where the hex values are converted to decimal 
and plotted. The 1 Ke clipped sine appears in the plot. 
The samples occur every 11.3 uS X 4 channels= 45.3uS. If 
the values of channel 5 are converted to decimal, a 


-15- 


yuan ‘edma-16 ariwer - 
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. OUT &. 


oo PRIHT "" 

S PRINT “control rea". “address lon address hi" 
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PRINT “byte count lot, "byte count hi" 
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a LISTING 1l-. BASIC PROGRAM TO DOWNLCAD DATA TO MEMORY. 


eer i Nt 


4 


-16- 





gage gpg 
Os452 0192 
aIggraped 
Sag5r@196 
H4452 0198 
Wagar; apar 
eggs. argc 
gags OLOE 
ro1i9 
:O112 
srOLi4 
Sigiie 
S2eGid 3 
roLiA 





saci Q11F 


os45ra1Z0 
a45io1Z2 
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oa4510124 
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POMASSY.COM 
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DISABLE OMA a To 
MODE REG.=01000101 


LOAD ADDRESS REGISTER 
(START AT OFFSET GOOD) 


LOAD BYTE COUNT REG. (LD BYTE) 
ti it a it CHI aYTE) 


LOAD PAGE REGISTER (WE LOAD THE 
FIRST OFFF BYTES OF PAGE 3) 


OMA CONTROL REG. =01010100 


ENABLE DMA 
TERMINATE PROGRAM 


LISTING 3- MEMORY CONTENTS FROM RUNNING POMASSY.COM 


SIGNAL 
TYPE SYNCH{S INE | SINE 


CHANNEL # 


Settle hie 
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ice Te 
Cit 





WIS 
Aié 
Als. 
Ais 
A1e 
B46 
. DBE 
to F25 
‘ 110. 
318 
40A 
soc 
. $Oo 
S04 
afm 
Se 


CN. 43E 


ape 
cleat 





1Fo 
EOi 
cos 
BOD 
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2582. isi4 
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2522 1514 
2582 1514 
2341 1155 
3438 658 
aa37 153 
S45 


LISTING G- CONVERSION OF CHANNEL 2 HEX TO DECIMAL AND PLOT 


OF SAME. 
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“LISTING 5- MEMORY CONTENTS FROM RUNNING POMASSY , GO 
“BUT WITH DIVIDER, SET TO SKIP EVERY OTHER. 
FRAME. - 


synch. 
CHANNEL l 6 


LLL 


= 








so0grad00. 4F 7E 50 27 FF-4F a7 FF 
aooored1o ST FE FF O4 4F IF SF FR-S¢ —.aF Fa a? FF 
niendaoo 4 FE DF EF BF AG BF FR-4P 7E BF EA Be FF 
todgo64F FE CY EB 4F AL SF FR-4y PE SF Fe ap FF 
toddo 47 7E 3F FO OF O3 97 FF-47 7E PF oe a7 FF 
toa5o 6 4 7E TE 10 27 St sr FF-47 TE AY te ap FF 
es oro4g0 SF VE FF On 77 SG FF FEF-4F 7E SF o4 FP FF 
BON Od 7D sy 7E OF FG 6F OC SF FF- 7a 8F EF ap FE 

-d , 
sone:e4@0 «, 7E 9F EA SF Al 37 FF-4F ?E OF EC 4F Al SF FF 
Bnoaredso 47 7E 2F FS IF CF 8F FF-AF 7E EF FO EF O8 37 FF 
soocr64dA0 47 FE 27 O8 CF 44 97 Fe-“7 PE CP i¢ 2F 50 3F FF 
moaaredBo 47 7E SF 12.47 50 9F FF-4F PE 8? OO 47 53 8F FF 
ajngaradco dF PE AF OR 67 17 SF FRO FER? Fa 6F OS BP FF 
2 o4n0. 47 7E FY EE AF Al S$? FR-4F 7E FF EA 5? ai 27 FF 
BoooredeO 47 7E 4F ECS? AL 97 FF-4F 7E Br Fe a7 Ch a? FF 
o™ aooorO4dFO 647 7E AY FE AF OA SF FF-4F 7E AF 98 FR 47 97 FF 
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B3E (12 bit again), Al6, Al6, and so on. These are shown 
on Listing 3 where the hex values are converted to decimal 
and plotted. The 1 Ke clipped sine appears in the plot. 
The samples occur every 11.3 uS X 4 channels= 45.3uS. If 
the values of channel 5 are converted to decimal, a 
smaller unclipped 1 KHz sinewave will result. 


As a second example we leave the system set up exactly 
as before but set the divider Dip Switch to divide by 2 
(see p-l1). Again we run PDMASSY and DEBUG to get the hex 
dump and plot of listings.5 and 6. Now, as expected, 
there are half the number of data points, but the same 
waveform develops. If the recorded waveform is slow, the 
divider saves memory. It also reduces the speed demanded 
of a disk drive to stream to disk. 


5.. Using STREAMER 


The instruction with STREAMER are easily followed. 
For the sake of completeness we give an example. The 
Model 3000A is set up as before. We stream to a virtual 
disk file at full speed. 
A configesys file containing ANSI.SYS and (in this 
case) VDISK must be on the system disk: 





With the STREAMER disk in drive A, we run the MKFILE 
utility to make a 12% file on drive C named STREAM.DAT. 
This and the computer’s response are listed on the next 
page. We then enter STREAMER PDMAI16 and get the command 
menu shown. The proper responses are shown on the menu. 
With the Model 3000A Digital Output switch OFF we press 
Fl. The message in response is "External Sample Trigger 
Ready". Switch the Digital Output switch to LOCAL to 
provide the trigger and down load the block of data. The 
message will disappear. Finally we exit Streamer (F-10). 


To see the data we change to drive C which also 
contains DEBUG. We call up DEBUG, name (n) stream.edat and 
load (1) same. All this is shown on listing 7. Then we 
type "d" twice to get the hex dump shown. The header in 
the first two lines changes the order seen in the dump, 
but the 1-5-2-6 sequence is unchanged as are the sinusoids 
and trigger pulses exactly as before. 
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SECTION Il 


THEORY OF OPERATION. 





Vetter PCM is organized into three major circuit 
boards. These are shown in block diagram form in Fig. 4. 
The analog inputs are applied to the analog (bottom block) 
board shown on Fig. 4. The Record section of this board 
multiplexes the inputs onto two analog outputs designated 
Left and Right. When used in the 7 channel mode, the 
commutation occurs in the following order: 


L R L R L R L R L R 
1 5 2 6 3 7 4 8 1 5 


ne 


The left and right analog channels are then applied to 
the Interface board where sample-holds and A-D conversion 
takes place. The serial output of the A-D then is applied 
to the Digital board. 


The Digital board is a microprocessor based module 
where the serial data are interleaved between the synch 
pulses of a quasi video signal. The resultant video 
signal is applied to an external VCR. Also the digital 
board is used to generate CRCC error correction characters 
which are added to the above Video signal. 


On playback the Video is applied to the digital board 
where the microprocessor performs a de-interleave 
function. Also at this time the CRCC characters are read 
and used to correct errors in the serial data stream. The 
reconstructed serial data stream is then applied to the 
Interface board. The digital board generates all clocks 
during Recording and recovers the clocks on Playback. 


The serial data in playback are applied to a D-A 
converter to generate an analog data stream which is 
broken into Left and Right channels by switches on the 
Interface board. 


The Left and Right data streams are them applied to 
the Analog board where they are demultiplexed into the 
original 7 channels. Sample-holds are used in the 
demultiplexing operation and proper filters are employed 
to produce very accurate reproductions of the original 
data. 


We will now describe the operation of each of these 
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' poards in detail. 


A. ANALOG BOARD 


For purposes of description it is easier to preak the 
Analog board into a Record (multiplex) section and a 
Playback (demultiplex) section. A block diagram of the 
Record section is shown here as Fig. 5. 


Referring to Fig. 5, we see up to four channels are 
multiplexed onto both the left and right channels. 
Channel 1 is used as a synch channel when more than two 
channels are recorded. 


Each channel has its own input amplifier which defines 
maximum gain and full scale input. Each set of four’ 
channels enters a multiplexer IC the outputs of which form 
the left and right analog inputs to the A-D converter. A 
Aigital multiplexer is used to select the number of 
channels selected. 


Referring to Fig. 6, we see playback coming to each 
i”. demultiplexer from the L and R playback channels. Each 
- demultiplexer drives a sample-hold which in turn drives 
vo the filter required for that particular channel. The 
filter in use is selected by an electronic switch. Each 
channel has its own output amplifier which also drives the 
appropriate channel of the bargraph display. 


All of the above circuitry is on a single PC board. 
Again the circuit for this board is divided into a Record 
and Playback section. 


Referring to Fig. 7, we find the record section of the 
analog board. The input amplifiers are all identical op 
amps. The input attenuators are provided by the R1-R3 
divider. R2 provides the Zero offset function. Each of the 
outputs of the Left bank of channels are applied to a 
single CMOS switch which multiplexes the analog channels 
onto the left A-D input. Similarly the right bank of 
channels are applied to a second multiplexer, IC-3A. 


Each of the input amplifiers are identical except for 
channel 1. 
Channel 1 is used only in the Two channel mode. In all 
other modes it's output is broken by relay K-1 and a DC 
offset voltage substituted. This offset is slightly 


a larger than A-1 can deliver thus channel 1 stands slightly 
Be above all the other channels. In this way channel 1 is 
oe used to synchronize the other channels in all modes 


except the 2 channel mode. 
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Each of the CMOS switches is driven by a binary 
digital counter. This count when decoded steps the switch 


‘through its sequence of 4 or 8 channels. The counter is 


driven by the LOAD clock (every 1lluS) from the interface 
board. The counters are Ic-17/A on the schematic. When 
fewer than 8 (16) channels are chosen the counters are 
reset at a lower count. This function is provided by 
Ic-4, a digital multiplexer. The desired number of 
channels is input by the mode switch to the multiplexer 
input. When the counter reaches said number 

the multipolexer resets the counter. 


The second counter (IC-17A) is reset simultaneously by 
an and gate, IC-6 which senses when the first counter is 
reset. This also is necessary when the first counter is 
not reset (when it counts to 8). 


The Mode switch which sets the number of channels has 
three other functions in addition to driving Ic-4. The 
bottom pole of the switch is used to actuate two relays 
when the instrument is in the 2 channel mode. These 
relays hold the counters in the reset state. Thus 
Channels 1 and 5 are always ON. Also 'the bottom pole is 
used to turn ON the individual bargraphs as selected by 
the switch. This simply requires applying +12 to the 
bargraph circuits. 


The upper two switch sections drive a bank of 
transistors (Q-1) which shift the switch level from TTL to 
+5 to -5V. These levels are necessary to drive the logic 
inputs of the analog switches used in the playback section 
of this instrument. 


The playback section of the analog board is shown in 
Fig. 8. Here we see the left and right analog inputs from 
the D-A convertor applied to two CMOS switches which 
provide the demultiplex function. These are Ic-7 and 
IC-7A. As before each switch is driven by a counter which 
steps the demultiplexer through its channels..Again the 
counters are driven by the LOAD clock line from the 
interface board. 


The signal from the left channel is also applied to an 
amplitude comparitor IC, IC-9. This is used to detect the 
higher than normal level of the channel 1 offset. This 
output is then used to reset the counters to achieve 
synchronization of the remaining channels. R-25 
is used to set the threshold so that the synch pulse is 
passed but not the normal data on the remaining channels. 
Again in the two channel mode relays are used to hold the 
counters in the reset states so that channels 1 and 5 are 
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held ON. 


The outputs of Ic-7/A are applied to capacitors which 
provide the sample-hold function to memorize the data 
between samples. These sample-holds are buffered by 
source followers IC-8. The source followers drive the 
output filters. Each of the filters that may be needed 
for channel 3, for example , (depending on mode) is 
permanantly connected to the channel 3 source follower. 
All switching is done at the output side of the filters. 


This switching is done by CMOS switches which are 
selected by the transistors (Q1) driven by the mode switch 
as described under the record section., These switches 


apply only one signal to the appropriate output amplifier. 


The output amplifiers are simple op amps with the gain 
set by R-33. The outputs drive the display and through 
R-34 the output pots. The capacitor across each output 
provides the last stage of output filtering. 


B. INTERFACE BOARD 


The output of the analog board is a series of DC 
levels. Each level corresponds to the momentary data 
level of a particular channel. Each sample lasts lilus. The 
samples alternate between left and right channels as shown 
in the Block Diagram section. These left and right 
channels are then applied to the Interface Board. The 
circuit of the Interface Board is shown in Fig. 9. 


Referring to Fig. 9, we see the left and right analog 
inputs at the upper right. Here we find two sample-hold 
circuits. The timing is such that one channel is holding 
(A-D occuring) while the capacitor is charging on the 
other channel. The output is thus a string if left-right 
levels. This string is applied to Ic-8, the A-D converter 
which completes its conversion in lluS. The output of the 
A-D is in serial form and passes to 1c-9. IC-9 gets a 
second input from the combination of Ic-10 and IC-11. 
These are shift registers that are connected to produce a 
pulse during bit 14 (LSB) of the serial waveform. When 
the switch is set to 14 bit Ic-9 passes the serial data 
unchanged. When the switch is set to 13 bit -the 14th bit 
is replaced by the TTL level on the very top line of the 
drawing (labeled Bit 14). In this way TTL data are 
inserted on the least significant bit to be recorded along 
with the analog data. 


The serial data from IC-9 is applied to relay K-2, the 
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record-play relay. ~ During the Record process the serial 
signal, passes to the blue serial out pin of the Digital 
board. In the Digital board this serial signal is formed 


' into a video signal. At the same time the serial data are 


applied to IC-15,16 which are the inputs to the D-A 
process. Thus A-D and D-A operate in tandem and the 
instrument truly monitors the recording process. 


On Playback the video signal is applied to the Digital 
Board where the serial data is stripped off. This serial 


data enters the Interface: Board on the green serial in 


pin. It passes thru K-2 to the inputs of IC-15,16 for 
demodulation as before. ; 


Ic-15,16 is a shift register which changes the serial 
data to parallel. This parallel data is applied to D-A 
IC-17 to recover the original pulse train. At this point 
the Digital Output connector is interposed which connects 


‘directly to the rear panel. 


The output of IC-17 is again a series of left-right 
pulses. These are separated into left and right channels 
by IC-18. The resultant left and right analog outputs 
then go to the Analog Board for demultiplexing and 


“filtering. 


The Interface Board contains a number of "glue chips" 
to make it all work. IC-6,7 form a level shifter so that 
Ic-5 can handle a bipolar signal. IC-14 and C-23 provide 
delays so the D-A can immediately follow the A-D during 
the recording process. IC-21,22 form a deglitcher to 
block glitches at the L/R transitions. Q-1 which drives 
both relays is itself driven by the Record/Play switching 
of the VCR. . 


C. DIGITAL OUTPUT CARD 


As noted above, a line on the Interface Board allows 
TL levels to be recorded an the least significant bit of 
the serial data. The Digital Output card multiplexes 8 (16 
in 4000A) TTL on/off channels onto this bit. The 
multiplexing process requires two clocks: a Load clock 
(violet) and a Frame clock (orange-white). These clocks 
are obtained from the Interface Board. | 


The multiplexing process is done by IC-1, a shift 
register. At the start of the multiplex cycle (channel 1) 
the frame clock comes ON and resets ICc-l (pin 1). The DC 
value on TTL input 1 (pin 6) thus is entered to the end of 
the shift register. After lluS the Load clock comes on 
and shifts the register one step and channel 2 becomes the 
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end bit. Thus each channel in turn is applied to bit 14 
(pin 9) and thus recorded. 


On Playback the serial data from bit 14 is applied to 


‘a second shift register, Ic-3. Again the Frame clock 


resets the register and the Load clock shifts it every ll 


-uS on the arrival of a new bit 14. 


Thus after 8 shifts channels 1-8 are in the register and 
appear at the output pins. This output is latched until 
the register is once again full. Thus the TTL data — 
appears continuously at the output. On the Model 4000A two 
shift registers are used in tandem. a i. 


Since RS-232 levels are + OF — 12v and since negative 
inputs are clamped to ground by TTL, RS-232 may be oY 
converted to TTL by a simple series resistor as shown on- 
channel 1..:On Playback Ic-2 shifts the TTL levels to : 
RS-232 levels. 


The remainder of the circuitry on the Digital Output o 
card relates to the 14 bit digital output which is 
intended to go to a computer. The counter and DIP switch 
at the right side of the drawing are used to skip every 
2nd, 4th, 8th...sample to save memory in the computer when 
the data rate is slow. Ic-6 is driven by the Frame clock 


-pecause it is frames that must be skipped. But then the 


output of the counter is anded with the Load clock so 
there is a load pulse for each sample. 

In the 2 channel mode the Frame clock must be generated by 
Ic-5 since none is generated by the Analog Board. The Dip 
switch selects the division ratio desired. The Transfer 
Request goes back to the Interface Board where it is added 
to the parallel output connector. 


One problem remains: determining where channel 1 is in 
memory. IC-8 is wired as an R-S flip flop. It stops the 
strobe output until enabled by the local or external 
digital output switch. The switch opens a gate which 
allows the Frame clock thru which sets the R-S flip flop 
thus making channel 1 the first channel downloaded to 
memory. 
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PART # 


Ic- 


WAOANKUPWNEH 


VALUE 


LF411 


74150 
7404 
7420. 


MC4741 
.LM311 

7404 

4066 


MC4741 


7493 
7493 
7404 


2N2923 
D4D1 


200K 
200K 
22K 


560K 
100K 
560K 
10K 
3.9K 
1.8 
470 
470K 
4.7K 
1K 
8.2K 
18K 
470 
1.8K 


PARTS LIST, MODEL 3000A/4000A. ‘ANALOG BOARD. 


DESCRIPTION 
NATIONAL 
VETTER 40001 
VETTER 40007 


VETTER 40007 
MOTOROLA ~ 


GE 
GE 


CLAROSTAT 41493 


ALL 1/4 W 5% COMP UNLESS 
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PARTS LIST © (CONTINUED) 








“18: _ 470 
19 1K 
20 470 
21 470 
22 100K 
32 1K 
24 1K 
25 1K 
26 8.2K 
30 2.7K 
31 560 
32 —- 5.6K 
°33 120K 
34 1.5K 
35 10 
c-1 -O1 SPRAGUE 225P (F=.0047) 
2. 200PF CRL DD 
3 .0018 | " 
4 -O1 " 
5 -0027 SPRAGUE 225P 
6 022 " 
c™. 7 -0018 CRL DD 
aad 8 100 uF 
i 9 O01 ; CRL DD 
PARTS LIST MODEL 3000A/4000A INTERFACE BOARD 
Ic-1 VETTER P3000-1 
2 VETTER P3000-2 
3 " P3000-3 
4 " P3000-4 
5 " P3000-5 
6 7401 
7 7402 
8 VETTER P3000-8 
9 7402 , ; 
10 10 
1 11 
12 - 74HC04 . 
13 . 
14. 74LS123 
15 VETTER P3000-15 
16 16 
17 ‘17 
18 18 
19 Le : 19 
20 i — 20 
21 74LS00 co, 
22 - 7448123 
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(NO PARTS LIST (CONTINUED) 








BS ; . 
pene . Os 
Bo 23 7905 
R-1. 3.92K ‘1% METAL FILM 
2 10K " . 
3 _ 1K ; 1/4 W 5% UNLESS NOTED 
4 3.92K 12 , 
4A 10K " 
.5 _ LOK . 
6 1K 
7 2.7K 
8 4.7K 
9 4.7K 
10 100 _ 
11 100K , BOURNES 3386 
12 ; 8.2K 
13 470 
14 2.2K 
15 ~ 2.2K 
16 1.8K 
17 10K 
18 10K 
19 10K 
20 2.7K 
21 2.7K 
22 2.7K 
23 2.7K 
24 10K 
25 10K 
Cc-1 100 POLYSTYRENE 
2 100 " , 
3 1 uF 63V AMPEREX 
4 Lad we 
5 Ol CRL DD 
6 1 uF 63V AMPEREX 
7 33 
8 33 
9 -O1 CRL 5YP 
10 - 33 
11 100 
12 33 
13 -O1 CRL 5YP 
14 560 PF NPO 
15 LOOPF NPO 
16 82PF NPO 
17 -O1 CRL 5YP 
18 " ” 
19 820 PF NPO 
se 20 820PF " 
~ 21 201 CRL 5YP 


PARTS LIST (CONTINUED) 





22 “ . 
23 _.100PF . NPO 
24 Ol 


ee a GE 40D1 
1 OMRON G2VN 


PARTS LIST MODEL 3000A/4000A DIGITAL OUTPUT CARD 


74165 
LM741 
74HC595 
74L804 
74LS04 
4024 
74L830 
74L8S00 


al 
Q 
' 


OnNNU EWN 


yw 
t 


WOON NU FON 
fay 
“a 


3.3K ALL 1/4W 5% CARBON 
5.6K 
27K 


-O1 | ALL .01=50V 5YP DISC. 


Q 
' 


MK OONHAU FWD 


0068 . SPRAGUE 225P 
-0018 CRL DD 

01 , 

01 

~O1 


1.0 63V PHILLIPS 
0 -O1 
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